P. cepacia, P. gladioli ("Pseudomonas marginata"), Pseudomonas caryophylli, Pseudomonas solanacearum
, Pseudomonas pickettii (23, 33) , Pseudomonas mallei, and Pseudomonaspseudomallei were included in rRNA group I1 of the genus Pseudomonas by Palleroni et al. (32) and are identified as section I1 bacteria in Bergey ' s Manual of Systematic Bacteriology (28) . P. glumae was included in rRNA group TI on the basis of the rRNA-DNA hybridization data of De Vos et al. (9) . Pseudomonasplantarii was isolated as the causal agent of rice seedling blight by Azegami et al. and was shown to be related to P. gladioli (3) . Recently, the rRNA sequences of several Pseudomonas species were studied (7, 12, 24, 40, 41, (56) (57) (58) (59) , and P. cepacia, a typical species of rRNA group 11, was assigned to the P-purple bacteria (40) . This phylogenetic characterization supported the differentiation of Pseudomonas rRNA group I1 bacteria (28) (P. solanacearum rRNA complex in rRNA superfamily I11 [ 111) from Pseudomonas rRNA group I bacteria (28) (Pseudomonas fluorescens rRNA branch in rRNA superfamily I1 [ 111) at least at the genus level. In 1992, Yabuuchi et al. (60) proposed that seven species belonging to Pseudomonas rRNA group I1 (P. cepacia, P. mallei, P. pseudomallei, P. caryophylli, P. gladioli, P. picketti, and P. solanacearum) should be transferred to a new genus, Burkholderia, on the basis of polyphasic taxonomy data. P, avenae and P. cattleyae were included in section V of the genus Pseudomonas in Bergey's Manual of Systematic Bacteriology (28) . The results of rRNA-DNA hybridization experiments performed with P. avenae and P. cattleyae (9, 11, 55) demonstrated that these bacteria belong in the Pseudomonas acidovorans rRNA complex in rRNA superfamily I11 (11, 28) . In 1992, Willems et al. (54) proposed the transfer of P. avenue and P. cattleyae to the new genus Acidovorax (53) as Acidovorax avenue subsp. avenue and Acidovorax avenae subsp. cattleyae, respectively.
In this paper, we describe a detailed recharacterization of plant-associated bacteria, clarify the differentiation of these ' This bacterium was supplied by M. Goto, Faculty of Agriculture, Shizuoka University, Shizuoka, Japan.
bacteria from authentic members of the genus Pseudomonas sensu stricto, and propose the transfer of P. plantarii and P.
glumae to the genus Burkholderia and the establishment of a new species, Burkholderia vandii.
MATERIALS AND METHODS
Bacterial strains. The strains which we studied are shown in Table 1 . Names which do not appear on the Approved Lists of Bacterial Names (39) are enclosed in quotation marks. Strains VA-1316T (T = type strain), D-2251, CY-0619, CY-0627, and VU-0563 were isolated by us as antibiotic-producing bacteria that are active against C. michigunensis subsp. michigunensis. Strain VA-1316T was isolated from roots of Vunda species, strain D-2251 was isolated from roots of Dendrobium species, strains CY-0619 and CY-0627 were isolated from roots of Cymbidium species, and strain VU-0563 was isolated from roots of Vuylstekeara species. These bacteria were maintained on PYG agar (47) .
Morphological, biochemical, and physiological characterization. PYG agar was used as the preculture and basal medium for bacterial strains. Unless indicated otherwise, the strains were cultivated at 30°C. Morphological, biochemical, and physiological characteristics were investigated by using methods described previously (47) . Production of indole was determined with Kovics reagent in 1% tryptone broth (catalog no. 0123; Difco Laboratories, Detroit, Mich.). Production of hydrogen sulfide was tested on triple sugar iron agar for 2 weeks. The requirement for vitamins was tested in liquid basal medium B (49), and methanol was replaced with 1% (wthol) D-glucose or 1 % (wt/vol) D-galactose. Utilization of carbon compounds was determined in liquid basal medium B, and methanol was replaced with other carbon compounds as reported previously (47) . In addition, we used the same method to determine the utilization of L-rhamnose, adonitol, glycine, leucine, L-isoleucine, L-valine, L-threonine, ornithine, DL-norleucine, DL-citrulline, sarcosine, n-butanol, isobutanol, n-propanol, propylene glycol, 2,3-butanediol, monoethanolamine, n-amylamine, tryptamine, benzylamine, acetoamide, suberic acid, levulinic acid, mesaconic acid, L-tartaric acid, D-tartaric acid, itaconic acid, pimelic acid, citraconic acid, caprylic acid, nicotinic acid, sebacic acid, benzoylformic acid, L-mandelic acid, 4-hydroxy-2-quinoline carboxylic acid, n-capric acid, glutaric acid, DL-2-aminobutyric acid, n-caproic acid, n-heptanoic acid, benzoic acid, p-aminobenzoic acid, m-hydroxybenzoic acid, adipic acid, salicylic acid, n-nonanoic acid, azelaic acid, and glycolic acid, except that each of these compounds was tested at a concentration of 0.15% (wthol).
Cellular fatty acid and hydroxy fatty acid compositions. Cells cultivated in PYG medium (pH 7.0) at 30°C for 1 day with shaking were used to determine cellular fatty acid and hydroxy fatty acid compositions by methods described previously (48, 50) .
Quinone systems and quinone homologs. Cells cultivated in PYG medium (pH 7.0) at 30°C for 2 days with shaking were used to determine the quinone systems as described previously (48, 49) .
DNA base composition. DNA was extracted by the method of Saito and Miura (37) , and the guanine-plus-cytosine (G+C) content was determined by reversed-phase high-performance liquid chromatography (45) .
DNA-DNA hybridization. DNA-DNA hybridization was carried out at 68°C by using the method of Kaneko et al. (21 Production of antibiotic substances. To detect the production of antibiotic substances, C. michiganensis subsp. michiganensis and F. oxysporum f. sp. lycopersici 5-3, which are distantly related to each other, were used as indicator organisms. These indicator organisms are known to be distributed widely and to cause serious plant diseases. The inhibitory activities of the test strains against the growth of C. michiganensis were studied by the following method. Each strain tested was streaked onto nutrient agar overlaid with C. michiganensis, the preparation was incubated at 30°C, and the size of the growth inhibition zone formed on the agar plate was measured. To test the inhibitory activities of the test strains against the growth of F. oxysporum, each strain tested and F. oxysporum were streaked separately on PDA agar (Nissui, Tokyo, Japan), the preparation was incubated for 7 days at 2S°C, and inhibition of F. oxysporum growth by the test strain was measured. 
+, positive; -, negative; w, weakly positive.
Tolerance to fusaric acid. Most strains tested inhibited the growth of F. oxysporum f. sp. lycopersici 5-3. Meanwhile, F. oxysporum produced fusaric acid, which inhibits the growth of microorganisms (22) . Therefore, the tolerance of the test strains to fusaric acid was investigated. Fusaric acid was added to PYG broth at a concentration of 0.01 to 1.0% (wt/vol).
RESULTS
Phenotypic characteristics of the test strains. All strains were gram negative, non-spore-forming, rod-shaped organisms whose cells were 0.5 to 1.0 Fm wide by 1.5 to 3.0 pm long and had rounded ends. The cells occurred singly, rarely in pairs, and were motile by means of one or several polar flagella. Colonies were white to light yellow. Abundant growth was observed in nutrient broth, PYG broth, and peptone water. No water-soluble fluorescent pigment was produced on King B medium. Only P. glumae produced a fluorescent pigment on potato agar. Granules of poly-P-hydroxybutyrate accumulated in the cells. Nitrate was reduced to nitrite by all strains. The methyl red test and the Voges-Proskauer reaction were negative. Production of indole in 1% tryptone broth (Difco) and production of hydrogen sulfide in triple sugar iron medium were not observed. Hydrolysis of starch was not observed. Ammonia was produced in peptone water. Litmus milk was not changed. Catalase and oxidase were produced. All strains produced acid from sugars oxidatively. However, the kinds of sugars that produced acid were not identical to the kinds of sugars that produced acid in previous studies (15, 28, 60) for reasons which are not clear. The acid formation patterns of B. gladioli, P. plantarii, and four new isolates (but not isolate VA-1316T) resembled each other. All strains utilized D-fructose, L-leucine, succinic acid, acetic acid, sebacic acid, and adipic acid, but did not utilize maltose, soluble starch, methanol, monomethylamine, dimethylaminme, trimethylamine, Nfl-dimethylformamide, methane, hydrogen, and formic acid. Growth factors were not required as essential supplements. All strains utilized ammonia and peptone as sole nitrogen sources. All strains grew at pH 5.0 to 7.5, but did not grow at pH values below 3.0 or above 9.5. All strains grew at 30 and 37°C but not at 42°C. Biochemical and physiological characteristics that differentiate strains are shown in Tables 2 Cellular fatty acid compositions. The cellular fatty acids of all of the strains tested consisted of large amounts of n-C,,,,, n-C,,,,, and n-C,,,, acids ( Table 5) .
Hydroxy fatty acid compositions. All of the Pseudomonas rRNA group I1 bacteria except B. solanacearum and B. pickettii and the new isolates contained large amounts of 3-hydroxy C14:", 3-hydroxy C16:o, and 2-hydroxy CI6:, acids as their hydroxy fatty acid components. B. solanacearum contained large amounts of 3-hydroxy CI4:, and 2-hydroxy C,,:, acids. B. pickettii contained large amounts of 3-hydroxy C, 4:o, 2-hydroxy CI4:", and 2-hydroxy CI6:" acids. In contrast, Acidovorax avenae strains contained a large amount of 3-hydroxy C,o:o acid, and the Pseudomonas rRNA group I bacteria (P. aeruginusa and P.
On: Wed, 02 Jan 2019 16:24:10 VOL. 44, 1994 NEW BURKHOLDERLA SPECIES 239 jluorescens) contained 3-hydroxy C1,:,, 3-hydroxy CIz:,, and 2-hydroxy C,,:, acids ( Table 6) . Quinone systems and quinone homologs. Pseudomonas rRNA group I1 and I11 bacteria and all of the new isolates contained a large amount of ubiquinone Q-8. In contrast, the Pseudomonas rRNA group I organisms P. aeruginosa and P. jluorescens contained large amounts of ubiquinone Q-9 ( Table  6) . These results are consistent with the data of Yamada et al. (61) and Oyaizu and Komagata (27) .
DNA base compositions. The DNA base compositions of all of the Pseudomonas rRNA group I1 bacteria, our new isolates, and Acidovorax avenue strains ranged from 64 to 70 mol% G+C ( Table 6 ). The G+C contents of P. aeruginosa and P. jluorescens were 65.9 and 60.2 mol%, respectively.
DNA-DNA hybridization. The levels of DNA-DNA similarity among Pseudomonas rRNA group I1 bacteria, our new isolates, Acidovorax avenue strains, and P. aeruginosa are shown in Table 7 . The Pseudomonas rRNA group I1 bacteria and our new isolates were clearly distinguished from Acidovorax avenue strains and P. aeruginosa. Our new isolates were clearly divided into two groups. Four of our new isolates (D-2251, CY-0619, CY-0627, and VU-0563) exhibited high similarity values (68 to 82%) with B. gladioli, but new isolate VA-1316T exhibited low similarity values (17 to 57%) with Pseudomonas rRNA group I1 bacteria. B. solanacearum and B. pickettii exhibited less than 20% similarity with other Pseudocattleyae, and all of our new isolates were susceptible to all of the antibiotic compounds tested. B. cepacia strains were resistant to cefotiam hydrochloride and aminobenzylpenicillin, B. caryophylli was resistant to cefotiam hydrochloride, cefmetazole (sodium salt), lotamoxysefu (sodium salt), B. pickettii was resistant to cefotiam hydrochloride, and Acidovorax avenue subsp. avenue was resistant to aminobenzylpenicillin.
Antibiotic activity against plant-pathogenic microorganisms. Some saprophytic Pseudomonas strains are known to produce antibiotics, pyrrolnitrin (produced by B. cepacia) and/or pyoluteorin (18, 25, 26, 51) . Most Pseudomonas rRNA group I1 strains and all of our new isolates inhibited the growth of the plant-pathogenic microorganisms C. michigunensis subsp. michigunensis and F. oxysporum f. sp. lycopersici 5-3 (Table 8 ). Figure 1 shows the growth inhibition zone formed by new isolate VA-13MT on a lawn of C. michigunensis subsp. michigunensis. However, Acidovorax avenue strains did not inhibit the growth of plant-pathogenic microorganisms.
Tolerance to fusaric acid. All Pseudomonas rRNA group I1 strains and our new isolates grew in medium containing 0.01 % (wt/vol) fusaricacid, but Acidovorax avenue strains did not grow in this medium ( 
+ + + --+ + -+ + + + + --+ + -
Isolate CY-0627
+ + + --+ + -+ + -+ + --+ + -
Isolate VU-0563 Furthermore, the data for acid formation from sugars obtained in this study were different from the data obtained by Yabuuchi et al. (60) . The reasons for these unexpected results are not apparent. These bacteria have the same major cellular fatty acid and ubiquinone system components. Galbraith and Wilkinson (14) reported that the nonhydroxy fatty acids of B. caryophylli and B. gladioli consisted of large amounts of n-C16:", n-C18:1, and cyclopropane C,7:o acids and that B. pickettii contained large amounts of n-Clh:O, n-c16:1, n-C18:,, and cyclopropane CI7:" acids. The differences in our results may have been due to the culture age of the cells used, because a decrease in the amount of h?-c16:1 acid and an increase in the amount of cyclopropane C17:o acid with age have been reported previously (48) . On the other hand, Stead (43) and Janse (19) described the cellular fatty acid compositions of Pseudomonas species, and their results for nonhydroxy fatty acid composition and 3-hydroxy fatty acid composition were identical to our results. However, their results for 2-hydroxy fatty acid composition were different from our results. The failure to detect 2-OH c,6:1 and 2-OH Clx:l acids in this study may have been due to a difference in the detection limits of these 2-hydroxy fatty acids. These bacteria (B. cepacia, B. gladioli, B. plantarii, B. caryophylli, P. glumae, and our new isolates) were identical to each other in physiological characteristics, ubiquinone systems, cellular fatty acid compositions, and hydroxy fatty acid compositions. On the basis of phenotypic and chemotaxonornic characteristics, P. plantarii and P. glumae should be included in the genus Burkholderia. New isolates D-2251, CY-0619, CY-0627, and VU-0563 were identified as B. gladioli strains on the basis of physiological characteristics (Tables 2 to 4 ) and DNA-DNA similarity values (Table 7) . On the other hand, the DNA-DNA similarity values obtained for new isolate VA-1316T, P. glumae NIAES 1169T, and P. plantarii JCM 5492T were approximately 51 to 57%, and these values are at the borderline for the separating species. However, these three strains could be clearly distinguished from each other on the basis of carbon compound utilization patterns. Therefore, we believe that new isolate VA-1316T should be separated from previously described Burkholderia species at the species level, and we propose a new species for this strain. Recently, Li et al. (24) studied the 16s rRNA Burkholderia should be characterized more precisely in the future. Acidovorax avenae subsp. avenae and Acidovorax avenae subsp. cattleyae had the same chemotaxonomic characteristics and could be distinguished clearly from the genus Pseudomonas sensu strict0 (P. jluorescens rRNA branch [ll]), Burkholderia species, Comamonas species, and Hydrogenophaga species on the basis of phenotypic characteristics (10, 17, 28, 35, 38, 44) , ubiquinone systems, DNA base compositions, DNA-DNA homology data, and rRNA-DNA hybridization data (9, 11, 52, 53) (Table 9 ). Minimal characteristics for differentiating the genera Burkholderia, Acidovorax, Comamonas, Hydrogenophaga, and Pseudomonas are shown in Table 9 . Characteristics which differentiate among Burkholderia species are shown in Tables 3 to 7 and are described in Bergey's Manual of Systematic Bacteriology (28) .
+ + + --+ + -+ + + + + --+ + -
Transfer of Pseudomonas plantarii and Pseudomonas glumae to the genus Burkholderia as Burkholderia species. Pseudomonas plantarii was transferred previously to the genus Burkholderia as Burkholderia plantarii (Azegami, Nishiyama, Watanabe, Kadota, Ohuchi, and Fukazawa 1987) comb. nov. This sRecies is described in this study and in reference 3, and the type strain is strain JCM 5492 (= NIAES 1723). Pseudomonas glumae has also been transferred to the genus Burkholderia as Burkholderia glumae (Uematsu, Yoshimura, Nishiyama, Ibaraki, and Fujii 1976) comb. nov. This species is described in this study and in references 28 and 46, and the type strain is NIAES 1169 (= ATCC 33617 = NCPPB 2981). VOL. 44, 1994 NEW BURKHOLDERIA SPECIES 243 propylene glycol, succinic acid, acetic acid, sebacic acid, adipic acid, mesaconic acid, D-tartaric acid, citraconic acid, caprylic acid, nicotinic acid, 4-hydroxy-2-quinoline carboxylic acid, ncapric acid, n-heptanoic acid, and n-nonanoic acid are utilized, but sucrose, L-rhamnose, maltose, soluble starch, adonitol, glycine, DL-norleucine, DL-citrulline, methanol, n-butanol, isobutanol, 2,3-butanediol, monoethanolamine, n-amylamine, tryptamine, benzylamine, acetoamide, formic acid, citric acid, suberic acid, levulinic acid, L-tartaric acid, itaconic acid, pimelic acid, benzoylformic acid, L-mandelic acid, glutaric acid, ~~-2-aminobutyric acid, n-caproic acid, benzoic acid, p-aminobenzoic acid, m-hydroxybenzoic acid, salicylic acid, azelaic acid, glycolic acid, monomethylamine, dimethylamine, trimethylamine, N,N-dimethylformamide, methane, and hydrogen are not utilized. Growth factors are not required. Ammonia, urea, and peptone are utilized as nitrogen sources, but nitrate is not utilized. Oxidase, catalase, and urease are produced. Aerobic. Metabolism is strictly respiratory and not fermentative. Good growth occurs between pH 5.0 and 7.5, and weak growth occurs at pH 4.0 and 8.0. Growth does not occur at pH values above 9.0 and below 3.0. Good growth occurs at 30 and 37"C, but does not occur at 42°C. Growth does not occur in the presence of 3% sodium chloride. Susceptible to cefotaxime, cefmetanoxim, ceftizoxime, gentamicin, amikacin, minocycline, cefotiam, cefmetazole, lotamoxysefu, and arninobenzylpenicillin. Growth occurs in the presence of 0.1% (wthol) fusaric acid. Growing cells inhibit the growth of the phytopathogenic microorganisms C. michiganensis and F. oxysporum. The cellular fatty acids include large amounts of straight-chain saturated n-Clh:, acid and unsaturated n-C,,,, and C18:, acids. The hydroxy acids include large amounts of 3-OH C14:o and 2-OH C,,:, acids. The ubiquinone system is Q-8. The type strain is strain VA-1316. Strain VA-1316T has all of the characteristics described above for the species. The DNA base composition is 68.5 mol% G+C. This strain was isolated from Vanda species by Urakami et al. as a antibiotic-producing bacterium active against C. michiganensis subsp. michiganensis.
Description of Burkholderia vandii
The type strain has been deposited in the Japan Collection of Microorganisms, Institute of Physical and Chemical Research, under accession number JCM 7957.
